Influence of cationic lipids on the stability and membrane properties of paclitaxel-containing liposomes.
Paclitaxel (taxol) is a poorly soluble anticancer agent that is in widespread clinical use. Liposomes provide a less toxic vehicle for solubilizing the drug and increasing the therapeutic index of paclitaxel in model tumor systems. The role of liposome membrane composition in the stability of paclitaxel-containing formulations is understood partially for neutral and anionic liposomes, but poorly for other compositions. We investigated the effect of dialkyl cationic lipids on the stability and physical properties of paclitaxel-containing liposomes, using circular dichroism (CD), fluorescence spectroscopy, and differential interference contrast microscopy (DIC). DOTAP (1,2-dioleoyl-3-trimethylammonium propane), a cationic lipid used frequently for gene delivery, was combined at various ratios with dimyristoylphosphatidylcholine (DMPC), dipalmitoylphosphatidylcholine (DPPC), or distearoylphosphatidylcholine (DSPC). In the absence of DOTAP, the stability of liposomes containing > or =3 mol% paclitaxel was observed to follow the following rank order: DPPC >DSPC > DMPC. Increasing concentrations of DOTAP increased the physical stability of all compositions, and maximal stabilization was achieved at 30-50 mol% DOTAP, depending on the paclitaxel concentration and the acyl chain length of the phosphatidylcholine. The relationship between stability and mole fraction of DOTAP was complex for some compositions. DOTAP exerted a major fluidizing effect on DMPC, DPPC, and DSPC membranes, and the addition of paclitaxel at 3-8 mol% did not increase fluidity further. Studies of membrane phase domain behavior using the probe Laurdan (6-dodecanoyl-2-dimethylaminonaphthalene) indicated that both paclitaxel and DOTAP were miscible with the phosphatidylcholine phase. The physical events leading to destabilization of formulations are hypothesized to arise from concentration-dependent paclitaxel self-association rather than immiscibility of the membrane lipids. Given the increased incorporation and stability of paclitaxel in DOTAP-containing membranes and the potential for enhanced interaction with cells, cationic liposomes may provide a therapeutic advantage over previously described liposome formulations.